Diffusion tensor imaging (DTI) is a new type of magnetic resonance imaging (MRI) that allows non-invasive mapping of the diffusion properties of brain water and reveals unique tissue property 'diffusion anisotropy'. [1] [2] [3] [4] [5] MRI can measure the extent of water diffusion along an arbitrary axis.
Diffusion tensor imaging (DTI) is a new type of magnetic resonance imaging (MRI) that allows non-invasive mapping of the diffusion properties of brain water and reveals unique tissue property 'diffusion anisotropy'. [1] [2] [3] [4] [5] MRI can measure the extent of water diffusion along an arbitrary axis.
From this measurement, it is often found that the water tends to diffuse along a preferential axis, which has been shown to coincide with the orientation of the ordered structures. Based on the diffusion orientation of water molecules, the DTI technique can provide several imaging contrasts such as anisotropy maps and orientation maps or a combination of the two, called a color-coded orientation map or simply colormap hereafter. In the colormap, the brightness shows the extent of the anisotropy and the color represents fiber orientation. It is known that the tensor-based data processing is only an approximation of the underlying tissue properties and more sophisticated and time-consuming data acquisition and processing schemes have been postulated. [6] [7] [8] However, for developmental brains we believe that the tensor approximation is an available and accepted method to characterize the gross white matter architectures and microstructures. Scanning time is best used to enhance the image resolution rather than to perform the complicated data acquisition.
The contrast from diffusion tensor MRI has been used to provide unique information about axonal tracts of human brain white matter. 1, [9] [10] [11] [12] [13] It is especially useful for delineating the anatomy of premature brain that is not myelinated, and for which relaxation-based contrast is inadequate. [14] [15] [16] [17] [18] [19] [20] [21] [22] The technique can detect injuries in specific white matter tracts as well as demonstrate the rearrangement of tracts. [23] [24] [25] [26] [27] As DTI becomes widely available in clinical scanners, it is likely that DTI will be an important diagnostic tool for premature infants in the future.
Diffusion Tensor Imaging Contrasts and Primary Eigenvector Provide Unique Information About Brain Anatomy
In this section, different contrasts derived from DTI are described. For fetal brains, the primary eigenvector from diffusion tensor can be further used to reveal the microstructures in the cerebral wall. Figure  1 
Dramatic Anatomical Changes During Brain Development
Multiple neural structures can be identified and segmented with the high contrasts provided by DTI. By segmenting neural structures with our developmental brain DTI database, we can quantitatively depict the volumetric changes of these structures shown in Figure 4 . From Figure  4 , the volumes of basal ganglia and ganglionic eminence increase accordingly, except that the volume of the ventricle is decreasing later in the second trimester. Note that ganglionic eminence is a transient structure that is replaced by the caudate nucleus, the putamen, the globus pallidus, and basal ganglia later in development. 28 The ganglionic eminence has the most volumetric increase, followed by thalamus, putamen and globus pallidus, and caudate nucleus. The volumes of these structures increase almost linearly.
One of the important features of DTI is that it can non-invasively trace the major white matter axons. We explored the potential of DTI to trace the time courses of development of different white matter tracts.
Four groups of white matter tracts-callosal tracts, association tracts, limbic tracts, and projection tracts-were traced with DTI-based tractography. 29 The overall pattern of white matter development is that database. For 0-day-old infants and five-to six-year-old children, in vivo DTI data were acquired. The 0-day-old infants were full-term, and we imaged healthy volunteers while asleep. These images can be considered a normal reference for the full-term infant. The children were five years old. Around this age, pediatric brains seem to mature to the point where MR images appear very similar to those of an adult brain. Three-dimensionally reconstructed tracts from data at three time-points are shown in Figure 5 . From Figure 5 , morphology of the limbic tracts, including cingulum (green fibers) and stria terminalis (red of injury development, are becoming more important than ever. We expect that our DTI database will help in the understanding of the contrasts on DTI images from premature infants and in the detection of anatomical abnormalities. n
Clinical Correlation

